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Study on the hepatoprotective effects of lemon balm and dandelion leaf
extract combination in carbon tetrachloride-mediated liver injured mice

Beom—Rak Choi'*#, Il Je Cho®*, Su—Jin Jung', Jae Kwang Kim® Dae Geon Lee?,
Sae Kwang Ku*, Ki—Moon Park'**

"Nutracore Co., Ltd,
“Department of Foodscience and Biotechnology, Sungkyunkwan
University,
3College of Korean Medicine, Daegu Haany University,
‘Biomedical Research Institute of Chonbuk National University Hospital

ABSTRACT

Objectives : Present study investigated the hepatoprotective effects of various combinations of lemon balm and
dandelion (LD) leaf extract on carbon tetrachloride (CCly)-induced acute liver injury.

Methods : Mice were orally treated with 200 mg/kg of LD extracts [1:1, 1:2, 1:4, 1:6, 1:8, 2:1, 4.1, 6:1, or 8:1
(weight : weight)] for 7 days, and then intraperitoneally injected with CCls (0.5 mL/kg). Silymarin (100 mg/kg) was
used as reference drug. Body weight gain, relative liver weight, serum biochemistry, histopathologic analyses, and
hepatic antioxidant system were examined to elucidate the fittest combination ratio of LD extract.

Results : All varying combinations of LD extract significantly increased body weight gain and decreased relative liver
weight by CCls. In addition, LD extract reduced serum aspartate aminotransferase and alanine aminotransferase.

() 2019 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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Histopathological analyses

indicated that LD extract significantly decreased histological

activity index score,

degenerated hepatocytes, and infiltrated inflammatory cells induced by CCls. Moreover, LD extract reduced lipid

peroxidation, and attenuated the reduction of hepatic glutathione, superoxide dismutase, and catalase by CCl,.

Although there were no statistical differences in body weight gain between silymarin- and LD extract-treated

groups, administration of 1:1, 2:1, and 4:1 combination of LD extract exhibited more favorable hepatoprotective

effects than silymarin. Especially, 2:1 combination of LD extract showed the most potent hepatoprotective effects.

Conclusion :

Of various combinations of LD extract tested, present results suggest that 2:1 combination of LD

extract would be a promising herbal formulation to protect liver from oxidative stress.

Key words :
leaf extract.
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1. A8 2 A%
&2 9] %% [Lemon balm leaf extract (LB);
Batch #, F4232001; Code #, LB—F2016Ku01]3 ¥1
=9 9 FZEE&E [Dandelion leaf extract (DL),
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(SOD), catalase &4 =A
% GSH ¥y SOD % catalased] H]Z
A (specific activity)2 7] SH¥ A3 Wi w}
ZA3An.

IEL

8. $A4 A%

RE Z3E mean = SDE X7|SIPeH, 7ZF
w1 AR oS deiA HAREAE s
T, T 71 A9 ool wEl Fisher's least
significant difference test Y=+ Dunnett T3 test

2 A AR 4 st BAA
kol 0.05 H= 0.01 Mwks 7]Eo® Al

Felge p

o 2% 23

. CCLell o3 F4 T &4 FEAA d2in 7
29 d FEEY £F 57 AF 2 T AT
Fol| X & I
vty 18 o FEE T3 Folo wE 1t

RS ass 9387 98k ICR mo

=3 njge deEy/usd 2

mg/kge] TEZ 7I3H

wp]a f\l@%é Fo g AIRF

CCLE 54 5048}31@.

(100 mg/kg), =9k <l

e ey o —%%% s

™

Wl AT Felsgon, CCl, Feol 2443 Fo

= (200 mg/kg)

(200 mg/kg)s 7UxE

&

202

o
==

skl 2 s AESI3Ith Vehicle,
CCly, CCly + silymarin, CCly + LB, CCly + DL,
CCly + LD (1:1), CCly + LD (1:2), CCly + LD
(1:4), CCly + LD (1:6), CCly + LD (1:8), CCly +
LD (2:1), CCly + LD (4:1), CCly + LD (6:1), CCl4

+ LD (8:1) Fo] A% AT Wsle= 712 4.46 £

1.50, 0.59 £ 0.38, 2.66 £ 0.77, 3.06 £ 0.52,
2.73 £ 0.71, 3.75 £ 0.62, 3.09 = 0.88, 3.04
+ 078, 299 £ 0.72, 3.03 £ 0.50, 4.18 =+

1.21, 3.95 = 0.77, 3.29 = 0.67, 3.28 = 1.16 ¢
o]ty Ad ATy fAREANY, CCLel T
vehicle 7o 1F¥ vlaste] SAHSR o5
SH ] YERATE 23y, BE AEEE
ol TFellAE CClL ol o8t AT AE E7
o FolsiA oAleon, dEnta NEY 2:1
Fo OFdAe F

o 7}%
gt nEd o

=
Has

A 2 ekl
] FE2E59 2

2o Wele sﬂymarm, d=sk
= UEY o FEE 95 5o 2579
Aoz AAHER Ut (Figure 1). Vehicle,
CCly, CCly + silymarin, CCly + LB, CCly + DL,
CCl, + LD (1:1), CCly + LD (1:2), CCly + LD
(1:4), CCly + LD (1:6), CCl; + LD (1:8), CCl; +
LD (2:1), CCly + LD (4:1), CCly + LD (6:1), CCly
+ LD (8:1) fFolol we 1t Jois®e] ®ske 247
3.96 £ 0.16, 6.70 = 0.42, 5.30 = 0.37, 5.15
0.27, 5.21 = 0.30, 4.76 = 0.31, 5.02 = 0.41,
5.10 £ 0.38, 5.10 = 0.38, 5.17 = 0.25, 4.53 £
0.37, 4.67 £ 0.30, 5.10 £ 0.29, 5.12 = 0.30%
olAtk. A& Ay FARBAT, CCLO Foli
vehicle 7o ZFI} Wluwdte] FAH SR fFofsH
AT ES STHET BE AREE Fo OF
oAM= CCl Fodell oJate] 71 1t ddlsds
AR R FofstA FaAF o, 9l
2:1 Fo agolA 7P gk 3 4

& YEhdch 53], dEda s
1:1, 1:2, 1:49] &3
Ao s Silymarin
oE, B UEd o

ato] SAHE

T
o2 r}ol
o %

0] ==¢1

+

=

. E

=
=
5

£

)
e
b
:i

i

N
oo L odo B o

0%
=

o
%

i
i
o d



2y ol 62 : A shea

=04
et al.,Hepatoprotective effects of lemon balm and dandelion (2:1) extracts

g e o FEwl] £ vl mE 3 HS g% AT

W Weight gain @O Relative liver weight 5
a

7 I L2

6 b b b b L6
g 2 S B B B B o e ¢ b b 9
c 5 L f I f f L 5 S
c i b -2
® b I b g
= 4 b b b 4%
- - @«
= sl 2|] »® i 2
= g
3 F3 5
©
o

2 -2

14 ai L 1

0- 0

,\C}e; - + + + + + + + + + + + + CCla
RN = Sily. LB DL 11 12 14 16 18 21 41 6:1 8:1
LD combination ratio (LB:DL)

Figure 1. The effects of lemon balm and dandelion leaf extract combination on body weight gain and
relative liver weight in CCly—injected mice. Body weight gain (black bars) and relative liver
weight (gray bars) were measured as described in method sections. All values are expressed
as the mean = SD of eight mice (*P < 0.01 versus vehicle—treated group; "P < 0.01 versus

CCly—treated group; °P < 0.01 versus CCl, + silymarin—treated group; ‘P < 0.01,
versus CCl; + LB—treated group; 'P < 0.01 versus CCl
lemon balm leaf extract;

silymarin; LB,
dandelion leaf extract.

2. CCLOl 9% |4 T &4 TEdA dEws 1

54 o FEE9 £F F47F ASTS ALT &4
o u|X|= FF
Vehicle, CCl;, CCl; + silymarin, CCl, + LB,

CCl, + DL, CCl, + LD (1:1), CCL, + LD (1:2),
CCl, + LD (1:4), CCl, + LD (1:6), CCL, + LD
(1:8), CCl; + LD (2:1), CCly + LD (4:1), CCl, +
LD (6:1), CCly + LD (8:1) Fojo] & g = AST
g Wzl Zb7 7475 + 11.21, 291.25 +
64.49, 184.25 + 16.47, 157.50 + 10.42, 169.13
+ 12.83, 134.88 + 19.53, 159.00 =+ 15.00,
162.38 =+ 16.45, 163.00 =+ 16.15, 165.88 =+
15.73, 98.00 = 19.71, 120.25 + 14.95, 155.13 =+
18.73, 161.13 + 18.28 IU/LR o™, ALT &AJo] A
sh= ztz 32.88 + 1052, 21750 + 22.71,
157.50 + 14.88, 109.75 + 15.69,

+ + 120.75
22.15, 90.50 = 10.24, 110.88 +

+
18.19, 113.50 £
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DL, dandelion leaf extract;

‘P <0.05
+ DL—treated group). Sily.,
LD, lemon balm and

18.44, 118.75 + 13.39, 119.88 + 18.19, 73.38
11.22, 85.63 + 12.66, 107.50 + 16.45, 108.25
20.12 TULT A3 A9k fARHIYY, CCLel F
o= 8 2 AST9 ALT AL vehicle Fo] 187}
Hlwsle] ZAHo R FofstA F7HAIFH. CClL +
°] AST 84e CCl, 1837 A

+
+

silymarin F¢] 1%

wate] gashs AFE dehiow BAH0R #
oA ergleh e, 79 Bl ARY 9 FE
B 0%, 0sY 9 FFE 9N ARy use
o) £ F2¥ Fol T1§e] AST BHE CCLol
sfel Z7heH AST $4S FAMCR Felshll ik
AR 58, dEus mse 21 Fol gl

7 W2 AST €43

ol
4

el gy vEE
2 11, 12, 149 B3 WER Fold
52 AST #4E& silymarin 7o 253 W]ushe]

SAHeE FosA v AaAzion, 12, 1:49]
33 HE&R Fost aF9 AST AL gk 9
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FEE UE, e 7EY 8 FEE UE 59 a5 45 YehdY Silymarin Fo] 153 H]als}o]
Iovlaste] FAA o R oAl AAskqlvh g e gantt 9Ey o FEE T asdA9
EE gud o FEE 9Ed ¢ FEEY v= ALT &49] ae SAXSE fFossion, 7 &
EE EF 5o aFolAE CCLol 98t ket & FEE 1§59 ALT @43 waske] 1:1, 1:2,
ALT &85 sAHSE Fostd #arzeH, ¥ 1:49] 3 Hj&E T3 259 ALT 84 #4s
i e 2011 Fol IFelA TP e ALT & EAAoE frefatqlet. (Figure 2).
4007 MWAST O ALT r400
a
300 -300
] a L
o iy
5 =
= 200 1200 2
& b ¢ = b ¢ i £ ¢ b 2 c ¢ =
b d & o
=l o fd T4 - H H g Sb of gb b L <
d f gd Te B4
g e g
100 ‘ ‘ ‘ q ‘ 100
0 | I I | O
‘\c}e - + + + + + + + + + + + + CCls
RN - Sily. LB bL 11 12 14 16 18 21 41 61 81
LD combination ratio (LB:DL)
Figure 2. The effects of lemon balm and dandelion leaf extract combination on liver function in

CCly—injected mice. Serum AST (black bars) and ALT (gray bars) activities were measured
using an automated blood chemistry analyzer. All values are expressed as the mean = SD
of eight mice (°P < 0.01 versus vehicle—treated group; "P < 0.01, P < 0.05 versus
CCly—treated group; ‘P < 0.01 versus CCl, + silymarin—treated group; °P < 0.01, P <0.05

versus CCl; + LB-—treated group;
silymarin; LB, lemon balm leaf extract;
dandelion leaf extract.

3. CCLol 93 34 3 &4 SEA gy 7
28 o FEFEY EF FA97F 3 =49 g
A gl vX&e 9%

Hematoxylin—eosin®. & @Ast 7+ o] ojst
zAWe s A7 A, CCl Fole F AAA 29
HWAAH ASAEY] Aol wE &9 T8 JAPL
#EE o, olef #wE HAI score, ®AZHFEAAA]
Eo] g gF AANe] AEE ASAEY FE T
AR oz FoletAl 7T 28, o9 Ze

8P < 0.01 versus CCly
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+ DL—treated group). Sily.,

DL, dandelion leaf extract; LD, lemon balm and
29 A4 ZAE 7Y Y silymarin B, d)
2R 9 FEE us 95y ¢ FEE Us gE
W ey 9 FEEY] Y Fojd ot FAH
o= foatA FAaHJTE 53], #Ent vEd
2:1 o aFoA A9 FAA A mE BE 2
2 wWEsky AxEe g P fekslth
Silymarin o] 153 Bluste] #Edka wEd
A FEE Y WS 11, 21, 41, 611, 81 Fo
1EolA e HAI score®] ZHA, 1:1, 2:1, 411 F¢
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IaelAe] WA 1 ARAMES] Fof AeE AFA FARCE fFolgion, vEY ¢ FEE W5 F
Eo] g a7 SAACRE FoEqich waw 9 of 253 vaste] E3F HlE 101, 2:1, 411 Fo] 1
FEE U5 Fo 277 vaste] 3 HE 10, FollA12] HAI score?] #a4, 2:1, 4:1 T ZEFolA
21, 41 %o TglAel HAL scoredl 72, 21, o Wy AR St Ag AEAEY & g
4:1 Fo] aEoAe wWA 7V\E‘Z‘ MEY 4 i) 27t BAKHCE 93519} (Figure 3 and Table 1).
2:1 Fo oAl Had d5AME F vt

CCla+

Vehicle | 4
| LD(1:4) |

CcCla+ |
LD (1:6) |¢

CCls §

CCh+
Silymarin

CCla+
LD (1:8)

cCl+ cels +
LB LD (2:1)
cCli+ CCla +
ol LD (4:1)
cou= cCls +
LD (1:1) LD (6:1)
cel+ cCls +
LD (1:2) LD @1) 8

Figure 3. Histopathological analysis. The liver tissues were stained with hematoxylin and eosin, and

observed under a microscope <100 (left) or <400 (right) magnification. Area with dashed
line, arrows, and arrow heads indicate the representative degenerated region, degenerated
hepatocytes, and inflammatory cells, respectively. Scale bars indicate 120 um. CV, central
vein; PT, portal triad; LB, lemon balm leaf extract; DL, dandelion leaf extract; LD, lemon
balm and dandelion leaf extract.
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Table 1. The effects of dandelion and lemon balm leaf extract combination on CCly;—mediated liver injuries.

Degenerated hepatocytes

Infiltrated inflammtory cells

HAI score (Number/1,000 hepatocytes) (Number/mm?)
Vehicle 0.25 + 0.46 2.88 + 15.02 21.13 + 10.97
CCly 8.50 + 1.07? 765.13 + 120.37° 204.75 + 52.48°
CCly + Silymarin 5.00 £ 1.19° 508.88 + 107.33¢ 91.63 + 12.73°
CCl, + LB 413 £+ 0.83° 438.00 + 96.03° 70.00 + 12.65°
CCl, + DL 4.50 + 0.93%¢ 482.75 + 112.57¢¢ 80.13 £ 18.38°
CCl, + LD (1:1) 2.50 + 0.93"F¢ 295.75 + 66.28° 48.63 £ 10.91>¢
CCly + LD (1:2) 4.00 £ 1.07° 448.63 + 106.92° 72.75 + 12.74°
CCly + LD (1:4) 4.25 £ 1.39° 455.00 £ 122.44¢ 76.13 + 12.31°
CCly + LD (1:6) 4.38 £ 1.19° 474.25 + 118.03° 75.88 + 14.26°
CCly + LD (1:8) 4.50 £ 1.20° 488.38 + 126.58° 77.13 + 10.67°
CCl, + LD (2:1) 1.50 + 0.53>%f 194.13 £ 49.75>4t 33.63 £ 11.44>4fe
CCl, + LD (4:1) 2.13 £ 0.64"4fe 260.63 + 62.13>4fh 43.88 + 12.19"4h
CCly + LD (6:1) 3.75 £ 1.49°¢ 410.25 + 169.45¢ 67.50 + 15.33"
CCl, + LD (8:1) 3.62 £+ 1.41°¢ 407.88 + 137.03° 69.25 4+ 16.85°

All values are expressed as the mean + SD of eight mice (*P < 0.01 versus vehicle—treated group; °P
< 0.01, °P < 0.05 wversus CCly—treated group; P < 0.01, P < 0.05 versus CCl, + silymarin—treated
group; P < 0.01 wversus CCl; + LB—treated group; ¢P < 0.01, "P < 0.05 versus CCl, + DL—treated

group). LB, lemon balm leaf extract;

extract.

4. CCLl 9% F4 &% FEAA dEdd 1

a7} & 24 o) 45

{}

A AdRistE F
7714, Atk
A ¢} #HEE GSH sy SOD$} catalaseo] &
vehicle o] ZLF3 Hlulate] SAA R Tr«]
oA} Silymarin W@, #l&3
v d FE2E 957 dE29T
&3 Foj= CCuoll 93k malondialdehyde
GSHSF SOD 84 ZAaE EAIH & f9
Z:L—/t’\]ﬁ‘:‘r. BE Fo TaFddA CCldll 93t
catalase 84S F7MAZoH, WEY A F
Fodo 293t catalase T2 F7H= CCl
w3 sty SAA fode it

Q
)
Te,
4

S

londlaldehyde 9]

DL, dandelion leaf extract;
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LD, lemon balm and dandelion leaf

"
ol
2

Silymarin Foj¢} ®
=5, duedy ued o FEE &%
2:1, 4:1, 6:1, 8:1 Fo] Z1&Eo|A malondialdehyde
sheFe] 4, #HEy o o=, deg vE

RSk I

=1
‘I‘E

d o —%%% Egk v& 1:1, 1:2, 1:4, 1:6 2:1, 4:1,
8:1 Fo] 1FolAe] GSH =7}, #&=uta m5y 9
FEE ‘i% Hl& 1:1, 2:1, 41 Fo 1ﬁ°ﬂ/\19]

SOD$} catalase &4 =717t EARo=Z §9o515]
ohoglEdt ol v Fo] F vlaste] E3 HE
1:1, 2:1, 411 Fo 259149 malondialdehyde2]
s, 2:1, 411 Fo] aZoA9 SOD A Z7}
2 2:19] 7] 5olAe] CAT 24 S717F &7
oz fFositt. vEd o @5 Fo aFH
Hlaste] 23k vl& 1:1, 2:1, 411 Fo] ZFelA
9] malondialdehyde2] 49} SOD &4 S71, 2:1,
4:1 T agelAe] GSH S7PF BAHeR {93t
it 53], gAtstsy #dE BE A xOA HE
kvl W5 2:1 Fofo) 2|8 malondialdehyde #HA
¢} GSH, SOD % catalase &< 717 714 95
&F3ith (Table 2).
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Table 2. The effect of dandelion and
system in CCly—injected mice.

lemon balm leaf

extract combination on hepatic antioxidant

Lipid peroxidation

GSH contents

SOD activity Catalase activity

(nM MDA/mg protein) (nM/mg protein) (U/mg protein) (U/mg protein)
Vehicle 1.74 £ 0.96 47.56 + 13.09 467.54 + 88.71 259.02 + 81.43
cCl 8.88 + 1.62° 3.73 £ 1.34° 48.35 + 21.51° 47.46 + 10.51°
CCly + silymarin 6.03 = 0.91° 17.76 £ 2.70° 173.39 + 34.64° 132.93 + 27.55°
CCl, + LB 4,72 + 0.56"¢ 26.98 + 4.44>¢ 227.20 + 35.57° 166.33 + 21.39°
CCl, + DL 5.23 + 0.83° 22.56 + 6.59" 204.30 £ 27.49" 140.33 + 37.26
CCL + LD (1:1) 3.69 £ 0.43>dsh 33.69 + 5.26"¢ 282.36 + 31.64>Mh 19220 & 14.75°
CClL + LD (1:2) 4.88 + 0.81°¢ 27.84 + 6.18° 225.81 + 31.38" 162.65 + 19.84°
CClL + LD (1:4) 5.10 = 1.12° 26.82 + 4.23"° 217.17 + 34.70° 161.88 £ 37.30°
CCL + LD (1:6) 545 + 1.28° 26.78 £ 3.27°¢ 208.31 £ 40.47" 153.01 + 49.17¢
CCL + LD (1:8) 5.56 + 1.39° 25.81 + 6.37° 205.05 £ 21.08" 148.73 + 33.97°
CCL + LD (2:1) 2.81 £ 0.38>dfh 37.71 + 5.66>4 361.83 £ 35.60>¢" 251,16 + 43.93%¢¢
CCL + LD (4:1) 3.58 * 0.62>deh 35.94 + 5.48>4 328.29 + 63.76>4"  206.65 £ 21.07>¢
CCL + LD (6:1) 4.80 £ 0.77°¢ 27.30 + 6.82° 232.49 + 42.82° 170.81 + 47.19°
CCL + LD (8:1) 4,57 + 1.12°¢ 26.28 £ 3.72"° 230.25 + 58.84° 166.51 + 38.29"

All values are expressed as the mean = SD of eight mice (*P < 0.01 versus vehicle—treated group; "P
< 0.01, °P < 0.05 wversus CCly—treated group; ‘P < 0.01, °P < 0.05 Versus.CCh + silymarin—treated
group; 'P < 0.01, P < 0.05 versus CCl; + LB—treated group; "P < 0.01, ‘P < 0.05 versus CCl, +

DL—treated group). LB, lemon balm leaf extract;

dandelion leaf extract; MDA, malondialdehyde.
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b
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o

2 catalase A9

% ASTS ALT #4,

S EEICERED
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s, dd
score, ¥4 1+ AHAAE F,

2 malondialdehyde®] <7}) 7N
T3t E3], silymarin, @l
=8 wsy 9

=3 HEe] et

= O

=& Pkeiz
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DL, dandelion leaf extract;

LD, lemon balm and
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oxide S99 AfF A¥I rosmarinic acid, gallic

acid, catechin, luteolin, hesperidin, ursolic acid,

oleanolic acid 59] flavonoid®} polyphenol 3}&-&
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acid7l #l&Rke] vhget Ay A= &5 o F&
gt g gddhe dxAd a5/4% EZEX A
A& QP20 B3] rosmarinic acidE 7+ A
] nuclear factor E2-related factor 2 (Nrf2)9]
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8
[e)
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2~ o
S

AAE 5= o] TFEHATG,
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taraxasterol, taraxerol, arnidiol, lutein, flavoxanthin,
plastoquinone, desacetylmarticarin® 3¥3%F3+ T}
3+ polyphenol®} flavonoid 3}eHES aslal o
], o]F chicoric acid7} 7P ®2 stgFow ¥3)
o] e} Chicoric acid (dicaffeoyltartaric
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